Estimates of discards by the Dutch pelagic freezer-trawler fleet were derived based on data from observers on board commercial vessels. In all, 27 fishing trips of duration 2-5 weeks each were sampled between 2002 and 2005, covering the North Sea and the western waters of the British Isles. Different methods to estimate discards were compared, and raising these estimates by number of trips or by total landings did not greatly influence the annual estimates of total discards. Some 30 000 t of fish were discarded annually by the fleet, the commercial target species mackerel, herring, and horse mackerel being discarded most, with 41%, 19%, and 15% of the total discards by weight, respectively. The most commonly discarded non-commercial species was boarfish, accounting for 5% of total discards. Slippage accounts for 10% of all discards, and the most common species slipped is herring. There is extensive discarding of juvenile mackerel in the horse mackerel fishery, and to a lesser extent highgrading of mackerel in the same fishery.
Introduction
Discarding in pelagic fisheries is more sporadic than in demersal fisheries. This is because of the nature of pelagic fishing, in which boats pursue schooling fish, take hauls with a low diversity of species and sizes, and consequently often show wide fluctuations in the rates of discarding (from 0% to 100%; ICES, 2006a) . Many of the world's fisheries for pelagic fish produce material for fishmeal and for bait (FAO, 2007) , whereas Dutch freezer-trawlers fish exclusively for human consumption and process the fish on board. Therefore, the catch by freezer-trawlers is sorted by species, size, and quality. Discarding itself may be caused by limits on quotas, a low market value of some species, or species size (or quality) in catches.
Only a few estimates of the extent of discarding of pelagic species in pelagic and demersal fisheries have been published. Discard percentages of pelagic species from demersal fisheries were estimated at 3 -7% (otter trawl and beam trawlers; Borges et al., 2005a) of the total catch by weight, and from pelagic fisheries at 1 -11% (pelagic trawl; Berrow et al., 1998; Pierce et al., 2002; Palsson, 2005; Hofstede and Dickey-Collas, 2006) . Here, we define the term slippage as the act of discarding fish before sorting, i.e. the catch or the proportion of the catch not brought on board for processing. Estimates of slippage have only been published for the Portuguese purse-seine fishery targeting sardine, with values at around 60% of the total catch (Stratoudakis et al., 2002) . However, most of the published estimates were raised using catch or effort variables, a method open to criticism (ICES, 2007a) . The estimators normally used in demersal fisheries to raise sampled discard data to population levels, such as effortand catch-related variables, may not be applicable to pelagic fisheries because effort may not relate in a linear manner to catch, and catches are often themselves underestimated (ICES, 2007a) . We therefore also address the differences between raising methods for discards in pelagic fisheries, though could find no published studies on the issue.
The Dutch pelagic freezer-trawler fleet contains some of the biggest fishing vessels in the world. The fleet consists of 14 vessels, of which six normally operate in European waters. The vessels average 107-m long and have an average engine horsepower of 7900. The height of the pelagic trawls deployed varies between 30 and 60 m, and the horizontal spread of the wings between 80 and 120 m. Tow duration is normally 4 h and trip duration some 2 -5 weeks. The fleet operates mainly in the Northeast Atlantic, off West Africa, and occasionally in the southern hemisphere. In European waters, the fleet targets mainly herring (Clupea harengus), mackerel (Scomber scombrus), horse mackerel (Trachurus trachurus), and blue whiting (Micromesistius poutassou). Dutch-owned freezer-trawlers also operate in European waters under German, UK, and French flags.
The main objective of our study was to estimate the level of discarding by the Dutch pelagic freezer-trawler fleet using an observer programme, commercial and non-commercial species being recorded to investigate the range of species being taken. Simultaneously, we made an effort to evaluate the potentially best raising procedure.
Methods
The Dutch pelagic discard sampling programme is a scheme targeted at commercial vessels in European waters using on-board observers (Figure 1 ) accommodated voluntarily by the fishing fleet. Each observer records information covering position, depth, date and time, total catch composition, and total weight of all hauls (from the ship's log). Discard estimates are made from as many hauls as possible. The process of estimating discards per haul has two stages: first, by estimating the percentage of discards, and second, by collecting samples of the discards and the unsorted catch. The total percentage of discarded fish by weight is estimated by comparing the rate of processing against the rate of discarding through the processing belts. Traditionally, a discard sample is collected from the gutter of the processing belt and sorted for species and length distribution. Another sample is taken from the unsorted catch.
Apart from the routinely sorted discards, a part of the catch is sometimes released before the catch has been sorted. This is called "slippage". A catch (or a proportion of it) can be pumped directly from the chilling tanks out to sea, or the codend of the net may be opened although the net is still in the water (Table 1) . Slippage estimates were made by eye by the on-board observer, and its species and length composition was determined directly by taking a sample from the hold. In case of slippage from the codend, the composition of the catch was assumed to be similar to the preceding or following haul in the same area. An analysis of this assumption was carried out by comparing visually the catch composition of a haul's slippage from the chiller tanks, where a sample was collected, with the catch composition of the preceding or the following haul in the same ICES rectangle. We found no major differences in species composition between the hauls where slippage was observed and in hauls in the same vicinity. However, we are aware that this assumption dominates the results for slippage, and realize that better methods need to be developed and included in subsequent studies.
The observer programme started in 2002 with four trips sampled, increasing to 12 trips in 2005 (Figure 1 ). In all, 27 trips and 904 hauls were sampled for this analysis, some 4 -9% of the fleet activity during more than 3 years of this study.
The discards sampled were raised at a haul level by multiplying the fraction of sampled discarded weight to total discarded weight in that haul. Total discards per trip (the sum of all hauls) were raised to population level by multiplying by the total number of trips made by the fleet per year (ratio estimator; see Borges et al., 2005b , for formulae). The landings (the sum of all species) were also used as a raising factor for the sampled discards, and were then compared with the discards raised by trip.
It was clear during the analysis that the coarse resolution of the sampling meant that obtaining robust estimates of discarding by species by area was impossible, so the analysis was kept at the level of total discard by area, or by species. This does make these estimates difficult to use directly in a stock assessment which, using current methods, requires estimates of discards by age, by year, by stock, and by fishing area. Just adding poorly estimated estimates of discarded fish to the input of a stock assessment will probably reduce the precision of the stock assessment, though it may well reduce any bias (see Dickey-Collas et al., 2007) , so it is important to estimate the precision of the estimates of discards.
Results
The Dutch pelagic industrial trawl fishery discards annually some 30 000 t of fish (Table 2), 10% of its catch, or 1.3 billion individual fish (Table 3) . Slippage accounts for just 10% of the total catch discarded ( Table 2) .
In theory, an estimator using different auxiliary variables, but applied to the same data, should produce similar results. Both raising methods (by trip and by catch) gave similar results, but raising by trip gave more consistent results (between variables within years), but less precision (Figure 2 ). We note that raising with landings gave more precise results but was more sensitive in anomalous years, particularly where there were small sample sizes. In 2003, one of the five fishing trips sampled accounted for very little discarding, which caused high variability in the estimates for that year (Figure 2) . Moreover, there is evidence of landing misreporting by area by all boats that fish for pelagic fish in northern Europe, and to some extent by species in these fisheries (ICES, 2006a (ICES, , 2007b , so raising by trip was considered to be a more robust procedure. The discard estimates obtained by area raised by landings differ substantially from estimates derived by trip. Using landings as the raising variable results in 20% more discards being estimated in western waters than in the North Sea, suggesting that 20% of the landings from the North Sea are misreported as bein taken in western waters. Consequently, for this reason too, all the results presented hereafter are based on discards raised by trip. An analysis of the total discards by area shows that the Dutch pelagic freezer-trawler fleet discards more in western waters (54% of the total catch), because there is more fishing activity there (Table 4) . However, slippage occurs mainly when the fleet is operating in the North Sea, where slippage accounts for 13% of total discards by weight (25% by number), compared with just 5% slippage by weight (6% by number) in western waters. The CVs of the area estimates of discarding (35 -95%; Table 4) suggest that discards are currently too poorly estimated to be further partitioned to numbers-at-age by stock, so cannot provide further information to improve the precision of stock assessments (Dickey-Collas et al., 2007) .
As expected, the diversity of discards is low, overall some 29 species, reflecting a low diversity in the catch (Table 5) . During the 4 years investigated, 11 species were caught in just 1 year of the 4. Of the total of 30 000 t discarded annually, some 12 200 t were mackerel, 5600 t were herring, and 4600 t were horse mackerel. Blue whiting, sardine, and boarfish (Caprus aper) made a minor contribution to pelagic discards compared with the first three species (2400 t of blue whiting, and 1500 t each of sardine and boarfish; Figure 3 ). Slippage accounted for 18% of the herring discards and 17% of the horse mackerel discards, though it was extremely variable (from 0% to 43%), just 4% and 2% of blue whiting and mackerel, respectively. In terms of numbers discarded, mackerel was the most discarded species, followed by horse mackerel and boarfish, then herring, blue whiting, and sardine (Figure 4) . By comparing the length frequencies of landed to discarded fish, it is clear that herring and blue whiting are not selected and discarded for length reasons, but that in sorting and processing Table 3 . Total numbers discarded, with and without slippage, by the Dutch pelagic freezer-trawler fleet per area and year (raised using total numbers of trips). Slippage is the act of discarding fish before sorting, i.e. after being in the net but not brought on board, or after being in the chiller tanks. Figure 2 . Total numbers discarded by the Dutch pelagic freezer-trawler fleet annually, raised to population levels using total numbers of trips and total landings (sum of all species What do pelagic freezer-trawlers discard?
mackerel, discarding of small fish is common ( Figure 5 ). Further analysis shows that most small mackerel (,25 cm) are caught from July to December, when the target species of the fleet is traditionally horse mackerel. Earlier in the year, there is evidence of highgrading of mackerel, mainly around the minimum landing size ( Figure 5 ). By weight, the proportion of the total catch discarded was 32%, 6%, and 8% for mackerel, herring, and horse mackerel, respectively, whereas by number of fish, the proportions of herring and horse mackerel were similar but half the mackerel catch was discarded.
Discussion
During our study period, the Dutch pelagic freezer-trawler fleet caught high volumes of a few species, but it did not discard a large proportion of its catch. Some 10% of the catch was discarded, showing that it is a selective fishery for its targeted species. Note that discarding is not illegal in the EU, whereas misreporting of landings and the landing of undersized fish is. The fishery is highly seasonal, the target species changing through the year. Most discards are of three target species, but also of bycatch species, because the definition of a bycatch species changes with season/area (e.g. herring caught during the mackerel season; mackerel caught in the season when horse mackerel are caught). Discarding behaviour is the result of an interaction between quota limits, target species, market price for fish, and fish size and quality. It has been argued before (ICES, 2006a (ICES, , 2007b ) that any assessment of the discard behaviour of pelagic freezer-trawlers must take into account the seasonality of the targeting of all species, and although it was not analysed comprehensively here, our study does suggest that a single-stock approach would not provide as much insight as an entire fleet-based approach. This is the first documentation of highgrading of mackerel. There is a great price differential between small and large mackerel, more so than for any of the other target species of the pelagic fleet. The Netherlands has a relatively small quota for mackerel (9% of the EU quota) compared with its North Sea herring and horse mackerel quotas (25% and 29% of the EU quota, respectively), so there is a strong financial incentive to discard mackerel that will not provide the best price when landed. Some of the mackerel discarded are close to the minimum landing size. In terms of a fisher's short-term gain, it would be preferable to use a small quota to catch large fish of good quality, for which one would get the best price. Therefore, mackerel discarding by this Dutch fleet is a product of management by a single-species TAC of a fleet that has multispecies targets and whose quota on each species is not in proportion to their relative catchabilities.
The bycatch of small mackerel in the season when horse mackerel are being targeted suggests that the horse-mackerel fishery operates in an area with a great abundance of juvenile mackerel. Most mackerel caught then are indeed under the minimum landing size, so cannot be landed, with clear implications for managing this fishery sustainably.
Although raising sampled discards by total landings resulted in greater precision of the final estimates than raising by number of trips, raising by total landings also resulted in greater sensitivity to anomalous outliers in the dataseries. Moreover, the fisheries on herring and mackerel in the EU have a long track-record of misreporting landings, either in terms of quantity landed or in terms of the area where the catch was taken (ICES, 2006a) . This makes any decision to raise discards by official landings questionable. Therefore, despite the loss of precision, we conclude that . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .   . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .   . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . raising by trip would be the most defensible method of estimating discards by this fleet. Slippage is thought of as an important component of discarding by pelagic trawlers and purse-seiners. The problems in estimating slippage are regularly used as an excuse not to estimate discards. In the current study, observers were asked to approximate what was being lost from the net if it was not brought on board. Although such estimates may be only a crude approximation, our results suggest that the volume of slippage is low, at 3000 t year
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, mainly in the North Sea. However, anecdotal information does suggest that skippers are on "good behaviour" when observers are aboard, particularly about slippage.
Therefore, there may well be an additional bias in these estimates that is difficult to quantify, so these estimates of slippage should be viewed as a minimum. Herring and horse mackerel are the species most subjected to slippage, but the reasons for this are unclear. There may also be slippage when larger quantities of boarfish or horse mackerel are caught mixed with other fish, because such spiny fish lower the quality of the catch in the chilling tanks.
As mentioned above, there are very few documented studies of the discarding of pelagic fish, and although some estimates are included in stock assessments (from Germany and the UK; ICES, 2006a ICES, , 2007b , such estimates are not raised to the total catch or the total number of trips by the fleet, so are not comparable with this study. It is often assumed that adding extra data will improve stock assessments, but care needs to be taken when those data are poorly estimated, as is the case here (Cotter et al., 2002; Rochet et al., 2002; Punt et al., 2006) . Although they did not raise the estimates of discarding to the total fleet, Pierce et al. (2002) found little evidence of discarding (,10%) and a similar species mix to that documented here. Berrow et al. (1998) reported low discard rates (4.7%) from the herring fishery in the Celtic Sea, and a similar mix of non-target species as seen in this study. In terms of herring and blue whiting, the estimates from the current study are not that dissimilar to the estimates from the same fleet off West Africa when fishing for Sardinella (Hofstede and Dickey-Collas, 2006) . The fishery of West Africa is not limited by quota, and there is no major reward in terms of the size of the fish caught.
Pelagic fisheries such as this Dutch freezer-trawler fleet are often described as relatively clean in terms of non-commercial bycatch (ICES, 2006b ). The freezer-trawlers appear to catch regularly 18 species in small quantities (Table 5) , most of them also exploited commercially by other fleets. The boarfish is the most commonly caught non-commercial fish (1500 t year -1 ), though the impact of this catch on the population of boarfish is unknown. We only analysed fish species caught by the freezertrawlers, and although we conclude that discarding is generally low, we did not analyse the bycatch of charismatic species such as dolphins, turtles, whales, birds, and sharks. Zeeberg et al. (2006) reported frequent catches of sea mammals and sharks by Dutch pelagic freezer-trawlers off Northwest Africa. For those species, of course, a catch of only a few individuals may be socially and/or conservationally unacceptable. 
